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Project Objective

“The objective of this project is to design an integrated system that generates a bill of 

materials for a given aftermarket compressor using records provided by Danfoss's 

investigation team”

4

David Bishop

-



Department of Mechanical 

Engineering

Project Background

David Bishop

5



Department of Mechanical 

Engineering

Receive Compressor Inspection Planning Pack & ShipProduction

What’s the Process?
Where we come in
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Receive Compressor Inspection Planning Pack & ShipProduction

What’s the Process?
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David Bishop

• Test compressor 

in rig

• Receive pass or 

fail feedback

• Disassemble

• Inspect each part 

for flaws and 

obsolescence 

• Log report into 

Cool Inspector

• Model, part and 

serial numbers

• Export excel file to 

planning
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Receive Compressor Inspection Planning Pack & ShipProduction

What’s the Process?
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David Bishop

• Planners decipher 

excel file

• Determine parts that 

failed

• Find appropriate 

replacement part

• Produce bill of 

materials

To: Production

From: Planning

• Send B.O.M. to 

production
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Problems
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Over Production and 

Excess Inventory
Defects

Over Process Excess MotionOver-Process Wasted Motion Wasted Talent

Duplicate 

items and

wrong orders

Returning failed 

and obsolete 

parts to 

production

Trying to 

interpret 

inspection 

report

Inspection to planning and vice versa

Using skilled 

technicians 

for a simple 

task

David Bishop
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Solution

Investigation Report 

File .xlsx

Obsolescence File 

.xlsx

MATLAB Script

Bill of Materials
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Input Files

Kyle Youmans
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• Exported from SAP software Cool Inspector

• Contains 287 columns of investigations information

• Part replacement decisions made using this file

• Contains multiple compressor cases sorted by serial number
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Kyle Youmans

Investigation Failure Report

...
...
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Kyle Youmans

Obsolescence 
File
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• Parts are considered obsolete after considerable time has passed

• Determined by either date or revision number

• Script compares today's date with the manufactured date

• Script determines obsolescence by ensuring that the model in 

question is one of the models listed in the affected range

Manufacture 

Date

1/29/2014

11/4/2019

6/30/2015

12/13/2011

10/30/2020

7/10/2015

10/29/2010

4/22/2019

10/28/2020

Determining Obsolescence

Kyle Youmans
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Kyle Youmans

• Danfoss has two versions of serial number: an old and a new

• The old serial numbers can be used to capture the revision number

• The new serial numbers capture the date

• Now we separate logic for each serial number: old and new.

• This information can be extracted and decoded in MATLAB to 

determine obsolescence for a given part number.

• This can then be used to generate a bill of materials

New Serial NumberOld Serial Number

Decoding Serial Numbers
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Kyle Youmans 

• The compressor model number comes in from the input file as a string of 

letters and numbers

• The highlighted text is the information that needs to be extracted from the 

file.

• This will be done by extracting characters from the string until the character 

in question is equal to a digit.

• Then the script will extract three characters after that.

Model No

TT350-G6-1-HL-E-0-NC

TT700-G-1-ST-F-O-NC

TT300-G-1-ST-E-O-NC

TT300-G7-1-ST-E-0-NC

TT350-E-1-ST-F-O-CH

TT300-H6-1-ST-E-O-CE

TT350-E-1-ST-F-O-CH

TT350-H-1-ST-F-O-CE

TT350-E-1-ST-F-O-CH

TTS350HES1S020X0XXS352

1 2 31 2 3

Type of Compressor

Voltage 

Rev New Version

Decoding Compressor Model Information
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Kyle Youmans

System 

Inputs Metrics

Decision 

Making 

Output 
Consolidates compressor 

part data in one location

MATLAB Designer App GUI Template
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Looking Forward

Kyle Youmans
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Kyle Youmans

Continual Script 
Maintenance

Older vs Newer 
Serial Number 

Format

Danfoss Moves 
Away from SAP

Future Challenges

Team will create a 

tutorial/user manual for the 

app.​

Team will find an alternative 

method for gathering 

serial information.​

Team will create a new data 

management strategy.
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Future Work

• Determine what data from our input file is relevant

• Begin making a prototype given the current relevant data

• Construct an updatable obsolescence input file

• Meet with Ashley Daniels, a planner at Danfoss who will show 
us her role as a material handler

20

Kyle Youmans
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Backup Slides
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Scanner System  

24

• Danfoss has a current scanning 

system

• Danfoss also has a quality control 

department
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Future Aftermarket Repair Programs
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Morphological Chart
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Morphological Chart

Coding Language Python MATLAB C

Quality Control Method Pareto 

Analysis

Stratification Statistical Sampling

Inventory Control Method Six Sigma Drop shipping Lean Manufacturing
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Binary Pairwise
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House of Quality
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First Pugh 
Chart
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Second 
Pugh Chart
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Third Pugh 
Chart
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Target 
Catalog
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Survey
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Customer Satisfaction Survey 

Question

1 = unacceptable 2 = poor 3 = satisfactory

4 = good 5 = excellent

Order of Satisfaction

1 2 3 4 5

How aesthetically appealing is the display of the product? 

Is the code readable, organized, and reproducible?

How does the product compare to the previously used 

method?
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Criteria Comparison Matrix [C]

Speed

Storage 

Capacity

Accurac

y

Usabilit

y Aesthetic Maintainability Compactness

Reliabilit

y

Speed 1 3 5 3 0.33 5 3 5

Storage Capacity 0.33 1 5 0.33 0.20 3 1 3

Accuracy 0.20 0.20 1 0.33 0.20 0.33 0.33 1

Usability 0.33 3 3 1 0.33 3 1 3

Aesthetic 3 5 5 3 1 5 5 5

Maintainability 0.20 0.33 3 0.33 0.20 1 0.33 1

Compactness 0.33 1 3 1 0.20 3 1 3

Reliability 0.20 0.33 1 0.33 0.20 1 0.33 1

Sum 5.60 13.87 26 9.33 2.67 21.33 12 22

AHP
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Normalized Criteria Comparison Matrix

Speed

Storage 

Capacity Accuracy Usability Aesthetic Maintainability Compactness Reliability

Criteria 

Weight 

(W)

Speed 0.179 0.216 0.192 0.321 0.125 0.234 0.250 0.227 0.218

Storage Capacity 0.060 0.072 0.192 0.036 0.075 0.141 0.083 0.136 0.099

Accuracy 0.036 0.014 0.038 0.036 0.075 0.016 0.028 0.045 0.036

Usability 0.060 0.216 0.115 0.107 0.125 0.141 0.083 0.136 0.123

Aesthetic 0.536 0.361 0.192 0.321 0.375 0.234 0.417 0.227 0.333

Maintainability 0.036 0.024 0.115 0.036 0.075 0.047 0.028 0.045 0.051

Compactness 0.060 0.072 0.115 0.107 0.075 0.141 0.083 0.136 0.099

Reliability 0.036 0.024 0.038 0.036 0.075 0.047 0.028 0.045 0.041

Sum 1 1 1 1 1 1 1 1 1

AHP
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Consistency Check

{Ws}=[C]{W} 

Weighted Sum Factor {W} Criteria Weights

Cons={Ws}./{W} 

Consistency Vector

1.932 0.218 8.854

0.834 0.099 8.393

0.298 0.036 8.274

1.087 0.123 8.841

2.986 0.333 8.969

0.417 0.051 8.221

0.844 0.099 8.553

0.345 0.041 8.391

λ=8.562

CI= (λ-n)/(n-1) = (8.562-8)/(8-1)=.0803

CR= CI/RI=.0803/1.4=.0574

CR < 0.1

AHP
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Speed Comparison Norm

Script and 

Database A.I.

Digital 

Library

Design 

Alternative 

Priorities

Script and Database 0.091 0.130 0.048 0.090

A.I. 0.455 0.652 0.714 0.607

Digital Library 0.455 0.217 0.238 0.303

Sum 1 1 1 1

Consistency Check

{Ws}=[C]{W} 

Weighted Sum 

Factor

{W} Criteria 

Weights

Cons={WS}./{

W} Consistency 

Vector

0.272 0.090 3.031

1.965 0.607 3.238

0.954 0.303 3.145

λ=3.138

CI= (λ-n)/(n-1) = (8.562-3)/(3-1)=.069

CR= CI/RI=.0803/0.52=0.132

AHP
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Storage Capacity Comparison Norm

Script and 

Database A.I. Digital Library

Design 

Alternative 

Priorities

Script and Database 0.143 0.143 0.143 0.143

A.I. 0.714 0.714 0.714 0.714

Digital Library 0.143 0.143 0.143 0.143

Sum 1.000 1.000 1.000 1.000

Consistency Check

{Ws}=[C]{W} 

Weighted Sum 

Factor

{W} Criteria 

Weights

Cons={WS}./

{W} 

Consistency 

Vector

0.429 0.143 3

2.143 0.714 3

0.429 0.143 3

λ=3

CI= (λ-n)/(n-1) = (3-3)/(3-1)=0

CR= CI/RI=0/0.52=0

AHP
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Usability Comparison Norm

Script and 

Database A.I.

Digital 

Library

Design 

Alternative 

Priorities

Script and Database 0.231 0.217 0.333 0.260

A.I. 0.692 0.652 0.556 0.633

Digital Library 0.077 0.130 0.111 0.106

Sum 1 1 1 1

Consistency Check

{Ws}=[C]{W} 

Weighted Sum 

Factor

{W} Criteria 

Weights

Cons={WS}./

{W} 

Consistency 

Vector

0.790 0.260 3.033

1.946 0.633 3.072

0.320 0.106 3.011

λ=3.137

CI= (λ-n)/(n-1) = (3.137-3)/(3-1)=0.069

CR= CI/RI=0.069/0.52=0.132

AHP
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Accuracy Comparison Norm

Script and 

Database

A.I

. Digital Library

Design 

Alternative 

Priorities

Script and Database 0.143 0.2 0.077 0.140

A.I. 0.429 0.6 0.692 0.574

Digital Library 0.429 0.2 0.231 0.286

Sum 1 1 1 1

Consistency Check

{Ws}=[C]{W} 

Weighted Sum 

Factor

{W} Criteria 

Weights

Cons={WS}./

{W} 

Consistency 

Vector

0.427 0.140 3.049

1.853 0.574 3.230

0.897 0.286 3.133

λ=3.039

CI= (λ-n)/(n-1) = (3.039-3)/(3-1)=0.019

CR= CI/RI=0.019/0.52=0.037

AHP
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Aesthetic Comparison Norm

Script and 

Database

A.I

. Digital Library

Design 

Alternative 

Priorities

Script and Database 0.2 0.2 0.2 0.2

A.I. 0.6 0.6 0.6 0.6

Digital Library 0.2 0.2 0.2 0.2

Sum 1 1 1 1

Consistency Check

{Ws}=[C]{W} 

Weighted Sum 

Factor

{W} Criteria 

Weights

Cons={WS}./

{W} 

Consistency 

Vector

0.6 0.2 3

1.8 0.6 3

0.6 0.2 3

λ=3

CI= (λ-n)/(n-1) = (3-3)/(3-1)=0

CR= CI/RI=0/0.52=0

AHP
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Maintainability Comparison Norm

Script and 

Database

A.I

. Digital Library

Design 

Alternative 

Priorities

Script and Database 0.2 0.2 0.2 0.2

A.I. 0.6 0.6 0.6 0.6

Digital Library 0.2 0.2 0.2 0.2

Sum 1 1 1 1

Consistency Check

{Ws}=[C]{W} 

Weighted Sum 

Factor

{W} Criteria 

Weights

Cons={WS}./

{W} 

Consistency 

Vector

0.6 0.2 3

1.8 0.6 3

0.6 0.2 3

λ=3

CI= (λ-n)/(n-1) = (3-3)/(3-1)=0

CR= CI/RI=0/0.52=0

AHP
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Compactness Comparison Norm

Script and 

Database A.I.

Digital 

Library

Design 

Alternative 

Priorities

Script and Database 0.231 0.429 0.2 0.286

A.I. 0.077 0.143 0.2 0.140

Digital Library 0.692 0.429 0.6 0.574

Sum 1 1 1 1

Consistency Check

{Ws}=[C]{W} 

Weighted Sum 

Factor

{W} Criteria 

Weights

Cons={WS}./

{W} 

Consistency 

Vector

0.897 0.286 3.133

0.427 0.140 3.049

1.853 0.574 3.230

λ=3.137

CI= (λ-n)/(n-1) = (3.137-3)/(3-1)=0.069

CR= CI/RI=0.069/0.52=0.132

AHP
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Reliability Comparison Norm

Script and Database

A.I

. Digital Library

Design 

Alternative 

Priorities

Script and Database 0.2 0.2 0.2 0.2

A.I. 0.6 0.6 0.6 0.6

Digital Library 0.2 0.2 0.2 0.2

Sum 1 1 1 1

Consistency Check

{Ws}=[C]{W} 

Weighted Sum 

Factor

{W} Criteria 

Weights

Cons={WS}./{

W} 

Consistency 

Vector

0.6 0.2 3

1.8 0.6 3

0.6 0.2 3

λ=3

CI= (λ-n)/(n-1) = (3-3)/(3-1)=0

CR= CI/RI=0/0.52=0

AHP
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Final Rating Matrix

Selection          Criteria Speed

Storage 

Capacity Accuracy Usability Aesthetic Maintainability Compactness Reliability

Script and Database 0.090 0.143 0.140 0.260 0.2 0.2 0.286 0.2

A.I. 0.607 0.714 0.574 0.633 0.6 0.6 0.140 0.6

Digital Library 0.303 0.143 0.286 0.106 0.2 0.2 0.574 0.2

{W} Criteria 

Weights

0.218

0.099

0.036

0.123

0.333

0.051

0.099

0.041

Concept

Alternative 

Value

Script and 

Database 0.184

A.I. 0.571

Digital Library 0.245

AHP


